We present the case of a 54-year-old man with a T4b N1 M0 (stage IIIB) cutaneous melanoma located on the dorsum of his right foot. He underwent wide excision of the lesion as well as a sentinel lymph node biopsy and a right inguinal lymph node dissection. He enrolled on the intergroup clinical trial E1609, a phase III randomized study of adjuvant ipilimumab versus high-dose interferon-α2B for resected high-risk melanoma. He was assigned to receive ipilimumab 10 mg/kg intravenously (IV) every 3 weeks for 4 doses and then every 3 months for 3 doses thereafter as adjuvant therapy.
Case Presentation
We present the case of a 54-year-old man with a T4b N1 M0 (stage IIIB) cutaneous melanoma located on the dorsum of his right foot. He underwent wide excision of the lesion as well as a sentinel lymph node biopsy and a right inguinal lymph node dissection. He enrolled on the intergroup clinical trial E1609, a phase III randomized study of adjuvant ipilimumab versus high-dose interferon-α2B for resected high-risk melanoma. He was assigned to receive ipilimumab 10 mg/kg intravenously (IV) every 3 weeks for 4 doses and then every 3 months for 3 doses thereafter as adjuvant therapy.
The patient's clinical course is detailed in Table 1 and depicted in graph format in Figure 1 . He received 4 doses of ipilimumab at 10 mg/kg IV every 3 weeks, with the last dose given 9 weeks after initiation. His complete blood count and comprehensive metabolic panel were monitored weekly. He developed a maculopapular rash on his torso and arms within 1 week of the first infusion. The rash improved with the application of 2.5% hydrocortisone cream. He also experienced decreased libido. Due to concerns for panhypopituitarism as a side effect of ipilimumab, luteinizing hormone, follicle-stimulating hormone, and testosterone levels were checked. While luteinizing hormone and follicle-stimulating hormone levels were in the normal range (6·5 miU/ mL and 4·8 miU/mL, respectively), the testosterone level was mildly low at 145 ng/dL. Therefore, topical testosterone 5 g topical daily was prescribed with improvement in his libido. Approximately 2 weeks after the fourth dose of ipilimumab, the patient developed a sore throat, fevers (to a maximum of 38.2°C), dyspnea, and worsening fatigue. His absolute neutrophil count (ANC) was 0·0 × 10 9 /L, having been last documented normal 2 weeks prior to the fourth dose of ipilimumab. A bone marrow aspirate and biopsy were obtained 12 weeks after the first ipilimumab infusion (Figure 2 ). The marrow was hypercellular with a prominent increase of bland histiocytes in the peritrabecular region (cluster marked with "*"; panel A; original magnification 400×). Wellformed (sarcoid-type) granulomas were not seen. In addition, there was lymphocytosis (bottom left, panel A). Most of the lymphocytes were CD8+ T cells (B: CD3; C: CD8), nonclonal, and with a negative T-cell receptor gene rearrangement test. Megakaryocytes were normal in number and morphology, and there was moderate eosinophilia. There was a striking and near complete absence of granulocyte precursors. A CD34 stain (a marker of the earliest neutrophil precursors) was positive in very rare cells. The differential count on the aspirate showed less than 2% mature and maturing granulocytes. The absence of myeloid precursors in the presence of a highly atypical immune infiltrate suggested that the neutropenia was due to an immune assault on the earliest myeloid forms. 
Management
No further ipilimumab was administered. Because of recurrence of fevers, he was admitted to the hospital on the 13th week after the first ipilimumab infusion. Since the leading differential diagnosis was immune-mediated agranulocytosis, he was started on prednisone 60 mg oral twice daily. Due to a lack of response in his granulocyte count after having been on prednisone for 6 days, he was started on cyclosporine 125 mg oral twice daily, immunoglobulin 40 gm IV daily for a total of 4 doses, and filgrastim 5 µg/kg subcutaneously daily for 5 days.
By day 9 of the cyclosporine/intravenous immunoglobulin/filgrastim regimen, the neutropenia still persisted with an ANC of 0·0 × 10 9 /L. His platelet count dropped slightly below normal (127 × 10 9 /L) by day 10 of this regimen, deemed likely secondary to antibiotics. Given the lack of improvement in the neutropenia, he was switched to a regimen of rabbit anti-thymocyte globulin (ATG) at 15 mg/kg IV daily for 4 doses and cyclosporine 2.5 mg/kg IV twice daily that was added to the prednisone at the end of week 14. This was patterned after a case report by Wei and colleagues, 1 as detailed below in the discussion. Six days after starting the ATG/cyclosporine/prednisone regimen, his absolute monocyte count, which was 0.0 × 10 9 /L by 14 weeks subsequent to the first ipilimumab infusion, had increased to 0.1 × 10 9 /L. This prompted the reinstitution of filgrastim at 5 µg/kg SC daily. Nine days after starting the ATG/cyclosporine/prednisone regimen and 4 days after restarting filgrastim, his ANC increased from 0.0 × 10 9 /L the day prior to 0.5 × 10 9 /L, with normalization on the following day with an ANC of 5.2 × 10 9 /L. Of note, his ANC level started to recover approximately 7.5 weeks after his last dose of the ipilimumab.
By 19 weeks, the patient's prednisone dose was tapered down to 5 mg every other day. At this juncture, his ANC dropped again to a nadir of 0.7 × 10 9 /L. Therefore, the prednisone dose was increased and a much slower taper was instituted over the course of approximately 4 additional months. Once the steroids were fully tapered off 5 months after the ATG treatment, the patient's ANC finally stabilized to a normal level. His ANC remains normal now more than 6 months since the normalization of his ANC and 4 months since the prednisone was completely tapered off without any further intervention required.
Conclusions
Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a cell surface molecule that is expressed nearly exclusively on CD4+ and CD8+ T cells. Studies have shown that the addition of anti-CTLA-4 monoclonal antibody leads to increased T-cell proliferation, presumably by blocking the interaction of CTLA-4 with its natural ligands CD80 and CD86. 2 Ipilimumab is a human monoclonal IgG1 antibody against CTLA-4 3 that is clinically used for the treatment of advanced melanoma, given studies that have demonstrated its ability to prolong survival.
The most common adverse events associated with ipilimumab are immune-related. These include enterocolitis, hepatitis, dermatitis, and hypophysitis. Severe hematological toxicity is rare. Enterocolitis is the most commonly reported adverse effect, occurring in 12.3% of patients; hypophysitis occurs as the second most frequent toxicity in 5% of the patients. 4 ,5 CTLA-4 gene knock-out mice develop lymphoproliferative and autoimmune disorders. 6 A direct effect of ipilimumab on neutrophils has not been described, as they lack CTLA-4 expression. In murine models, CTLA-4 is expressed on the surface of 11% to 15% of B cells, and blocking of CTLA-4 promotes B-cell effector function, thereby enhancing antibody production. It has also been shown that CTLA-4 is involved in downregulating interferon-γ release by CD8+ T cells. Experts postulate that such modes of immunomodulation may have myelosuppressive effects, such as the example seen with increased interferon levels in aplastic anemia. Thus, inactivation of CTLA-4 may be associated with enhanced antibody production. 7, 8 There are 2 other cases reported in the literature of neutropenia in patients receiving ipilimumab. In the first case, severe neutropenia occurred after the fourth treatment of ipilimumab (interestingly the same number of infusions as our case) and it rapidly reversed after intravenous immunoglobulin infusion, but did not respond to steroids. 9 In the second case, there was severe neutropenia after ipilimumab infusion, but unlike our case, there was development of large granular lymphocytosis. This case responded rapidly to ATG, steroid, and cyclosporine therapy. 1 In this case, the count recovery occurred approximately 7 weeks after the last infusion of the ipilimumab. The ANC of the patient we report recovered after administration of various immunosuppressive therapies. Clearance of ipilimumab, which has a halflife of 14.7 days, may have also contributed. It is intriguing that the recovery of ANC after ATG-based therapy in the report by Akhtari et al 9 also occurred approximately 7 weeks after the last dose of the ipilimumab. There are no case reports of spontaneous recovery of severe neutropenia after ipilimumab, so the potential for recovery without intervention is unknown.
In summary, we report a case of severe neutropenia following ipilimumab therapy that fully resolved after the administration of prednisone, cyclosporine, and ATG. The temporal relationship between ipilimumab administration and the development of severe neutropenia, the absence of other inciting factors, and bone marrow biopsy findings consistent with immune-mediated suppression of myeloid progenitors implicate ipilimumab as the cause of neutropenia. Given the spectrum of autoimmune disorders associated with ipilimumab therapy and the potential for severe neutropenia as observed in this case and two others, we suggest that the complete blood count be monitored weekly in patients receiving ipilimumab. Furthermore, a prolonged steroid taper over the course of 4 to 6 months after the resolution of ipilimumab-induced neutropenia may be necessary to prevent a recurrence. The marrow revealed to be hypercellular with a prominent increase of bland histiocytes in the peritrabecular region (cluster marked with "*"; panel A; original magnification 400×). Well-formed (sarcoid-type) granulomas were not seen. In addition, there was lymphocytosis (bottom left, panel A). Most of the lymphocytes were CD8+ T cells (B: CD3; C: CD8), nonclonal, and with a negative T-cell receptor gene rearrangement test. Megakaryocytes were normal in number and morphology, and there was moderate eosinophilia. There was a striking and near complete absence of granulocyte precursors. A CD34 stain (a marker of the earliest neutrophil precursors) was positive in very rare cells. The differential count on the aspirate showed less than 2% mature and maturing granulocytes. The absence of myeloid precursors in the presence of a highly atypical immune infiltrate suggested that the neutropenia was due to an immune assault on the earliest myeloid forms.
